Objective: For decades hysterectomy rates have famously demonstrated unexplained geographic variation. The aim of this study was to identify county-level correlates of hysterectomy rates among reproductive-age women.
D
espite decreases in the rate of hysterectomy (uterus removal) in the United States, it is still the second most common surgical procedure performed among women between the ages of 18 and 65 years. 1 Nearly 90% of hysterectomy procedures occur in women with a benign gynecological condition, 2 meaning that among these women, hysterectomy is considered an elective or discretionary procedure. Decades of research provide evidence that hysterectomy is inappropriately used as a treatment for benign conditions. [3] [4] [5] Treatment with hysterectomy, therefore, may be linked to factors outside medical need alone.
Possibly due in part to clinical and patient discretion but also to social, economic, and healthcare contexts, hysterectomy rates in the United States vary considerably by geographic location. Hysterectomy has long been a poster child for unexplained area-based variation. For example, rates differ across regions, within states, and among medical facilities. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] In the scant literature on area-level correlates of hysterectomy use in the United States, a Los Angeles-based study found that higher median family income and percentage of nonwhite residents in a population were positively associated with higher area-level hysterectomy rates. 7 An Arizona-based study of nonclinical factors concluded that physicians with a higher percentage of privately insured patients were more likely to perform hysterectomy. 16 These studies, however, are >20 years old, do not use spatial analyses, fail to distinguish among women of different ages, and occur in areas of the United States with historically lower rates of hysterectomy.
In states such as North Carolina, state-supported eugenic sterilization was used to limit fertility among low income,
Key Points
• High hysterectomy rate counties cluster near one another; low hysterectomy rate counties cluster near one another.
• Counties with a lower median household income have higher hysterectomy rates.
• Counties with a higher proportion of married people have higher hysterectomy rates.
• Although associations with sociodemographic factors were strong, associations with healthcare capacity were not.
black, and white women for decades and is important to acknowledge as the historical backdrop for our analysis. 17, 18 Today, differences in hysterectomy rates by markers of social disadvantage (e.g., socioeconomic position, geography) deserve further attention. We restricted our analyses to North Carolinian women ages 20 to 44 to represent a conservative proxy for women of reproductive age 19 because decision making for hysterectomy likely differs for pre-and postmenopausal women. From a fertility perspective, premenopausal women experience the greatest effects from hysterectomy; and contemporary, premenopausal women likely have the most alternative, uterussparing treatments available to them.
The aim of this study was to identify social, economic, and healthcare correlates of county-level hysterectomy rates among reproductive-age women. To do this, we used 2011-2013 claims-based surveillance data to identify all of the hysterectomies performed in North Carolina and then used exploratory spatial analysis to determine whether contemporary countylevel hysterectomy rates continued to vary across geography as they did in the past. We then used spatial regression to explore what county-level factors are associated with county-level hysterectomy rates.
Methods

Core Data Sources
Hysterectomy counts were obtained from administrative databases-the North Carolina Hospital Discharge database and the North Carolina ambulatory surgery visit database-collected by the state of North Carolina during fiscal years 2011-2013. These datasets are derived from claim forms used by facilities to bill surgery payers and enumerate every surgery performed in a given year and women's residential county, diagnoses, and ages.
Exclusions
Our analytical dataset included all hysterectomies performed on residents of North Carolina, ages 20 to 44 years, diagnosed as having a benign gynecologic condition. Procedures were excluded if performed in the presence of a gynecologic, breast, or gastrointestinal/rectal malignancy (n = 2610), among males (n = 3), as a result of a trauma (n = 4), or among non-North Carolina residents (n = 904). This cross-sectional, ecological analysis included 7180 hysterectomy procedures occurring within one of North Carolina's 100 counties.
Hysterectomy Rates
We used Current Procedure Terminology and the International Classification of Diseases, Ninth Edition procedure codes to identify hysterectomies and aggregated them at the county level. These per-county counts were combined with county age-and sex-specific census counts of women to determine county-specific rates of hysterectomy per 10,000 woman-years. 20 The resulting age-and county-specific rates were age standardized using 2000 US Census female population counts and 5-year age groups. Because rates in counties with small populations can fluctuate greatly with the addition or deletion of a provider, we averaged the age-standardized expected counts of hysterectomy between 2011 and 2013 to provide a more stable estimate for the rate numerator.
County-Level Correlates
We linked the core claims-based surveillance data, by county Federal Information Processing Standards codes, to multiple data sources, including the US Census Bureau's 2009-2013 American Community Survey 5-year estimates, 21 the US Health Resources and Services Administration's 2014-2015 Area Health Resources Files, 22 and the North Carolina Health Professions Data System 2014 data. 23 The seven county-level variables were chosen a priori based on hypothesized relations from the literature and all of the variables were retained in multivariable models. Variables were coded as linear terms.
Exploratory Spatial Analyses
We used the global Moran's index (GMI) to test whether there was randomness in the spatial distribution of hysterectomy rates. GMI values were converted to normalized z scores with P values of ≤0.05 considered statistically significant. P values were calculated using permutation inference (999 permutations). Statistically significant positive z scores indicate positive spatial autocorrelation (ie, spatial clustering of similar rates). A firstorder queen contiguity neighbor definition was used to create a row-standardized spatial weights matrix. The presence or absence of spatially autocorrelated rates did not differ substantively with the use of first-order rook neighbor definition or eight nearest neighbors definition (data not shown). The exclusion of counties bordering Tennessee, Virginia, or South Carolina did not substantively alter results (data not shown).
The local Moran's index (LMI) allowed us to locate and characterize clusters of counties with similar values. Locations of spatial clustering are indicated as high-high (high-rate county located near other high-rate counties), low-low (low-rate county located near other low-rate counties), and spatial outliers were indicated by high-low (high-rate county surrounded by lowrate counties) and low-high. Pseudo P values for LMIs were calculated (α ≤ 0.01 to account for multiple comparisons) using permutation inference (999 permutations). We created maps using QGIS version 2.4.0 (https://qgis.org/en/site).
Regression Analyses
Generalized estimating equations (GEEs) with negative binomial distributions were used to determine associations between county-level factors and hysterectomy rates. The 3-year average, age-standardized expected count of hysterectomy was used as the dependent variable and the log of the standardized population size, divided by 10,000, as an offset term. Results of the GEE model suggested autocorrelation of the residuals, and both Lagrange multiplier diagnostics 24 and theory indicated that a spatial lag model would be appropriate to account for the clustering. We then used a spatial autoregressive model (eg, spatial lag model) as an alternative method to account for spatial autocorrelation in hysterectomy rates between adjacent counties. For spatial autocorrelation analyses, the hysterectomy rate was modeled as a continuous variable rather than as a count with an offset. The results of the GEE and spatial models are reported to demonstrate the robustness of explored associations. All of the analyses were conducted using RStudio version 0.99.902 (https://www.rstudio.com). The study was approved by the institutional review board of the University of North Carolina at Chapel Hill.
Results
County-Level Age-Standardized Rates of Hysterectomy
Three-year average, county-level hysterectomy rates range from 10.8 to 203.1 (per 10,000 woman-years; Fig.; Table 1 ).
Spatial Clustering of Hysterectomy Rates
Age-standardized hysterectomy rates among women ages 20 to 44 are positively spatially autocorrelated (ie, clustered; GMI 0.31, z score 5.41, P = 0.001). LMI statistics show a cluster of three counties in northwestern North Carolina with relatively higher rates of hysterectomy and one spatial outlying county (low rate among counties with high rates). There also is a cluster of six counties in northeastern North Carolina and a cluster of two counties in mid-North Carolina with lower relative rates of hysterectomy (Fig., B) .
County-Level Correlates: Multivariable Analysis
The negative binomial multivariable model (Table 2) indicates that an increase in a county's percentage of married individuals and the number of medical facilities are associated with higher hysterectomy rates. In contrast, a decrease in a county's median household income is associated with higher hysterectomy rates. In the spatial autoregressive multivariable model (Table 2) , the directions of the relations remained the same but became less precise, and the These exponentiated β coefficients can be interpreted as rate ratios, the relative change in the age-standardized expected rate of hysterectomy associated with a 10% point, or a 1-U increase in a predictor variable. These β coefficients can be interpreted as rate differences, the absolute change in the age-standardized expected rate of hysterectomy associated with a 10% point, or a 1-U increase in a predictor variable. CL, confidence limit; NH, non-Hispanic; OB/GYN, obstetricians and gynecologists; RD, rate different; RR, rate ratio.
relation between the number of facilities and hysterectomy rates became insignificant. Some counties have a small population, with few women receiving hysterectomies. To explore the impact of these small numbers, the negative binomial model was rerun, restricted to counties where the crude 3-year average count of hysterectomy was >20 (n = 70). Median household income remains a significant negative correlate of countylevel hysterectomy rates (data not shown).
Discussion
This study used a novel approach to add to sparse and outdated literature regarding the spatial patterning and correlates of treatment with hysterectomy in a state with historically high rates. Hysterectomy for the treatment of benign conditions is considered discretionary, which may allow space for nonclinical factors to be connected to its use. We found that several county-level sociodemographic factors, rather than healthcare factors, were associated with hysterectomy rates.
In all model specifications, an increase in a county's median household income was associated with lower hysterectomy rates. Previous literature suggested the opposite. 7, 16 The change in direction of the relation may reflect changing treatment patterns. Today, women of lower socioeconomic status (SES) may delay seeking care when there is a problem, choose or be offered treatment by hysterectomy more often, be less knowledgeable of alternative (uterus preserving) procedures, and have less access to providers who trust and use alternative procedures. [25] [26] [27] [28] There are several examples of underutilization of surgical procedures by individuals of low SES, 7,29-31 but fewer demonstrating potential overuse by individuals of low SES.
The association between higher rates of hysterectomy and lower median household income also could speak to hysterectomy being a treatment choice among low-income women because of its added benefit of fertility cessation, while women with higher incomes may have access to or preference for uterussparing contraceptives. This finding is consistent with what we know of contraception use among US women ages 15 to 44. Between 2011 and 2013, a greater proportion of women with a bachelor's degree or higher used the contraceptive pill than did those with less education. 32 Moreover, women with statesponsored health insurance were more likely than those with private insurance to use female sterilization. 32 We also found that county-level hysterectomy rates were positively associated with an increasing proportion of married adults. In addition to providing symptom relief for gynecologic conditions, hysterectomy provides a form of fail-proof, permanent contraception and may be preferred among married women who have achieved their desired family size.
Our study suggests that treatment with hysterectomy may be influenced by sociodemographic factors. The degree to which these factors influence the occurrence of hysterectomy and how this differs by place merit further consideration. Geographic variation in hysterectomy rates potentially represents and conflates several sources of variation, including incidence of gynecologic conditions, access to health care, women's willingness to seek care, knowledge of uterus-sparing procedures, provider beliefs about treatments and their effectiveness, and how patient preferences are incorporated into treatment decisions. Future research should consider these mechanisms more closely.
Rate denominators were based on census counts and therefore include women who have had a hysterectomy and are no longer at risk; thus, rates are likely underestimates. 33 This was a cross-sectional, ecological study and results should not be interpreted at the individual level or causally. Furthermore, it is unclear what areal unit is most appropriate for the study of hysterectomy rates. 34 Lastly, to better understand contextual effects on hysterectomy, future studies should incorporate changes over time, multiple levels of influence, social networks, and social power structures. 35, 36 Our study is a population-based study that includes the universe of all of the hysterectomies performed in North Carolina between 2011 and 2013. In addition, North Carolina has historically high rates of hysterectomy and is marked by variation in hysterectomy use, making it a unique location to examine contemporary practice patterns of hysterectomy. Lastly, our analytic approach is novel in its linkage of several data sources and use of spatial analyses.
Conclusions
Although spatial variation in surgery is not unique to hysterectomy research, variation in this procedure across sociodemographic correlates may not be ideal, especially when low-income areas exhibit higher rates. This analysis suggests that contemporary treatment with hysterectomy in North Carolina is occurring along socioeconomic lines.
